■ IN BRIEF Novel co-formulations of basal insulin analogs and glucagon-like peptide-1 (GLP-1) receptor agonists have provided new options for patients with type 2 diabetes who are not reaching recommended glycemic targets. The components of currently available co-formulations (insulin degludec/ liraglutide [IDegLira,] and insulin glargine U100/lixisenatide [iGlarLixi]) act synergistically to address multiple pathophysiologic defects while minimizing the side effects associated with either component when used alone. In Europe, these products are approved for use in patients on regimens of one or more oral antidiabetic drugs; in the United States, they are indicated for use as an adjunct to diet and exercise in patients with type 2 diabetes inadequately controlled with either basal insulin or their respective GLP-1 receptor agonist component. This article reviews key clinical trials in which these products were initiated in insulin-naive patients and describes how they can be safely and effectively titrated in clinical practice.
involve multiple daily injections on patients' adherence and quality of life (13) (14) (15) . In addition, hypoglycemia historically has been a leading barrier to initiating insulin for patients (16) and clinicians (17) alike, as a result of the detrimental impact of hypoglycemia on patients' quality of life and fear of adverse side effects associated with hypoglycemia (18, 19) .
Unfortunately, despite considerable evolution in treatment options, hypoglycemia is still considered a leading impediment to better diabetes management. For example, a meta-analysis of 46 published studies involving 532,542 patients on various treatments indicated that the overall prevalence of mild hypoglycemia was 45% (95% CI 34-57%) and of severe hypoglycemia was 6% (95% CI 5-7%), corresponding to 19 [95% CI 0-51.08] and 0.80 [95% CI 0-2.15] episodes per person-year, respectively (20) . In an Internet survey of 1,984 patients in the United States, 62.9% of respondents reported having experienced hypoglycemia, and 36.9% reported weight gain (21) . Other studies have also demonstrated that severity and frequency of hypoglycemia affect patients' perceptions of their disease, with nocturnal hypoglycemia having a greater effect than daytime events (22) . Hypoglycemia has such an impact on patients' quality of life and ability to achieve good glycemic control that it has been suggested as an important endpoint in clinical trials of new glucose-lowering medications (23) .
Importance of Earlier Intensification of Therapy
The latest guidelines recommend intensifying therapy for patients who have been above their glycemic target for >3 months despite proper dosing of their current medications (24). Long-term (~20 years) follow-up of patients from the landmark U.K. Prospective Diabetes Study demonstrated the benefits of early intensive therapy compared to conventional treatment in type 2 diabetes in significantly reducing the risk of myocardial infarction (-15%), microvascular disease (-24%), and any diabetes-related endpoint (-9%) (25) . Retrospective studies have found that patients affected by clinical inertia had a shorter mean time to progression of diabetic retinopathy (P = 0.02), were nearly five times more likely to experience progression of retinopathy (adjusted incidence rate ratio 4.92 [95% CI 1.11-21.77]) (26) , and were at significantly increased risk for myocardial infarction, stroke, and heart failure by 67, 51, and 64%, respectively (hazard ratios (27) .
Availability of New Therapeutic Agents to Treat Diabetes Uncontrolled With Oral Agents
Historically, because insulin was for many years the major next step in intensification when diabetes was uncontrolled on multiple oral agents, insulin therapy became somewhat synonymous with intensification (28) . Therefore, many of the barriers to intensification have centered on those associated with insulin use. The introduction of basal insulin analogs such as insulin degludec and insulin glargine have reduced the risk of hypoglycemia in type 2 diabetes compared to human insulin. A meta-analysis showed that insulin glargine U100 used once daily had a lower risk of overall symptomatic (11%, P = 0.0006), nocturnal (26%, P <0.0001), severe (46%, P = 0.0442), and nocturnal severe (59%, P = 0.0231) hypoglycemia compared to NPH insulin (29 and sodium-glucose cotransporter 2 (SGLT2) inhibitors. However, the optimal choice for intensification after failure to achieve glycemic control on oral agents remains unclear, and treatment must be individualized (24).
The complex pathophysiology of type 2 diabetes has meant that treatments such as GLP-1 receptor agonists have generated considerable interest as a result of their robust reduction of A1C, ability to lower postprandial glucose, and weight-sparing effect. Furthermore, treatment with GLP-1 receptor agonists addresses multiple aspects of the underlying abnormalities in type 2 diabetes (e.g., declining β-cell function leading to reduced insulin secretion, excessive secretion of glucagon from pancreatic α-cells leading to undesirable hepatic glucose output, insulin resistance in both liver and peripheral tissues [31] , and components of the metabolic syndrome [32] ). Although there was initial concern about an increased risk of acute pancreatitis associated with their use, subsequent analyses have failed to confirm such a risk (33) .
Combining a basal insulin analog with a GLP-1 receptor agonist in a single formulation is a logical way to take advantage of the best attributes of each component, while simultaneously minimizing side effects associated with each when used alone (34-37). In particular, the basal insulin analog component allows for control of fasting plasma glucose (FPG) levels, whereas the GLP-1 receptor agonist provides additional control of postprandial glucose, with more substantial reductions observed with short-acting GLP-1 receptor agonists (31) . From a safety perspective, benefits of the combination include 
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Comparison treatments a reduced rate of hypoglycemia and a weight-and insulin-sparing effect compared to basal insulin alone, and reduced gastrointestinal side effects compared to a GLP-1 receptor agonist alone (34-37).
Two basal insulin/GLP-1 receptor agonist combination products were approved by the U.S. Food and Drug Administration in November 2016: IDegLira (Xultophy 100/3.6, a titratable, fixed-ratio combination of insulin degludec and the GLP-1 receptor agonist liraglutide) and iGlarLixi (Soliqua 100/33, a titratable, fixed-ratio combination of insulin glargine U100 and the GLP-1 receptor agonist lixisenatide) (24). Administering these products as a co-formulation also offers the convenience and simplicity of delivering both products in a single, easy-toteach and use pen injection device.
Studies have shown that the pharmacokinetic effects of the component products are preserved in coformulation for IDegLira (38) . No similar studies have yet been published for iGlarLixi, but its prescribing information states that co-formulation has no impact on the pharmacodynamics of insulin glargine or the pharmacokinetics of lixisenatide (39). In this article, we review the results of key clinical trials of each product, including the Dual Action of Liraglutide and Insulin Degludec (DUAL) I (34), DUAL IV (40), and DUAL VI (41) w y s h a m e t a l .
F E A T U R E A R T I C L E

Overview of Trial Designs and Patient Populations
All of the trials were randomized, parallel-group, and of open-label design, with the exception of DUAL IV, which was a double-blinded trial (40). The trials enrolled patients who had not been previously treated with insulin or a GLP-1 receptor agonist and ranged in duration from 26 to 52 weeks, with the 52-week trial (DUAL I) including both a 26-week main phase and a 26-week extension (34). Oral agents being used at screening were to be continued in all of the DUAL trials; however, in the LixiLan-O trial, all oral agents other than metformin were discontinued at randomization. The mean duration of diabetes among randomized patients varied across the trials, ranging from 6.6 to 9.3 years (Table  1 [34,37,40,41]). The mean age of patients, mean A1C, and mean BMI were similar across the trials.
It is important to note that, in the absence of a head-to-head trial, no indirect comparisons should be made between the DUAL and LixiLan trials because of the above-mentioned differences in their designs.
Dosing and Titration of IDegLira
IDegLira is provided in a fixed-ratio combination of insulin degludec 100 units/mL to 3.6 mg/mL of liraglutide; 1 unit contains 1 unit of insulin degludec and 0.036 mg of liraglutide. It is recommended that IDegLira be dosed at the same time each day, with or without food (42). Across the three DUAL trials, the starting dose was 10 units for IDegLira (10 units insulin degludec + 0.36 mg liraglutide) ( (DUAL IV [40] ). In the DUAL I and IV trials, a twice-weekly titration regimen was used, whereas the DUAL VI trial compared once-and twice-weekly titration regimens, but both arms of the trial used the same titration algorithm (34,40,41). Unsurprisingly, real-world titration of IDegLira differs from that of clinical trials. For example, the mean IDegLira dose was 32 units in the observational European Xultophy Treatment Retrospective Audit (EXTRA) study after 6 months of treatment (43). To compensate for the relative lack of monitoring and followup in clinical practice compared to clinical trials, patients enrolled in a single-arm prospective observational study at a single Swiss practice were instructed to adjust their IDegLira dose once-weekly in increments of 4 units (44).
Dosing and Titration of iGlarLixi
In the LixiLan-O trial, iGlarLixi was available in two different formulations in two different pens, one with a ratio of 2 units of insulin glargine U100:1 µg lixisenatide (pen A) and another with 3 units of insulin glargine U100:1 µg lixisenatide (pen B) (37). This allowed for administration of 10-60 units/day of insulin glargine without exceeding the recommended dose of 20 µg/day of lixisenatide. However, as noted earlier, only a single formulation is now marketed in the United States (100 units insulin glargine + 33 µg/mL lixisenatide). In the LixiLan-O trial, iGlarLixi was started at 10 units (10 units insulin glargine + 5 µg lixisenatide) and the maximum dose of insulin glargine and iGlarLixi was 60 units (60 units insulin glargine + 20 µg lixisenatide; Table 2 ) (37). iGlarLixi is dosed within the hour before the first meal of the day. There are currently no real-world studies reporting iGlarLixi titration in routine clinical practice.
Efficacy Results in the Trials
In their respective clinical trial programs, the co-formulated products lowered A1C levels significantly more than the basal insulin (34,37), the placebo (40), or the GLP-1 receptor agonist alone (34), and more patients using a co-formulation also reached the target A1C of <7.0% in each of these trials (Table 3 [ 39,42,45,46] ). Mean A1C was ~8% at baseline (ranging from 7.9% in DUAL IV to 8.3% in DUAL I), and between 6.0% (in DUAL VI) and 6.5% (in LixiLan-O) at the end of the trials (37). Eligibility criteria for these trials were such that it is unknown whether IDegLira or iGlarLixi would be efficacious in patients with an A1C >10% at initiation. However, mean A1C was ≤7% at end of trial regardless of baseline A1C category for IDegLira (≤7.5, >7.5 to ≤8.5, >8.5 to ≤9.0%, and >9%) and iGlarLixi (<8% and ≥8%) (47, 48) . Another post-hoc analysis demonstrated that, for IDegLira, the decrease in A1C was measurable within the first 12 weeks of therapy, without weight gain or increased rate of hypoglycemia (49) . A post-hoc analysis of the LixiLan-O and LixiLan-L trials (the latter including insulin-experienced patients), published in abstract form, has indicated that iGlarLixi is associated with less glycemic variability than insulin glargine U100 or lixisenatide alone (50) . The co-formulated products also lowered FPG levels to a similar extent as basal insulin alone and to a greater extent than the GLP-1 receptor agonist alone (Table 4 [34,37,40,41]).
Safety Results in the Trials
The safety profiles of both coformulated products were as expected based on the safety of their individual components in all of the trials. In terms of hypoglycemia, IDegLira was associated with a significantly lower rate of confirmed hypoglycemia and nocturnal hypoglycemia compared to insulin degludec (34) ( Table 5 [34,37,40,41,51]). As might be expected, IDegLira had significantly higher rates of confirmed and nocturnal hypoglycemia than either liraglutide alone (34) or placebo (52) . The rate of hypoglycemia was higher in the DUAL IV trial than in DUAL I as a result of the concurrent use of sulfonylureas in the former. For iGlarLixi, the rate of confirmed hypoglycemia was numerically higher than that of insulin glargine and about five times greater than for lixisenatide alone (37). Few severe events were reported in any of the trials or treatment groups (Table 5) .
In DUAL I and LixiLan-O, (34,37) IDegLira and iGlarLixi were associated with weight neutrality in patients with diabetes uncontrolled on oral antidiabetic agents, the differences being statistically significant compared to the respective basal insulins alone, which were associated with weight gain in the respective trials (Table 5 ). Compared to placebo, IDegLira resulted in a small but significant increase in weight (40). Interestingly, titrating IDegLira twice weekly was associated with a twofold greater weight loss than once-weekly titration (41). In both DUAL I and LixiLan-O, the GLP-1 receptor agonists were associated with a much greater weight loss than their respective co-formulated products. In DUAL I, IDegLira resulted in a lower insulin and liraglutide requirement compared to either component alone; the daily insulin dose was lower with IDegLira compared to insulin degludec, and the daily liraglutide dose was lower with IDegLira compared with liraglutide after 52 weeks of treatment. In the LixiLan-O trial, in which the maximum insulin dose for both iGlarLixi and insulin glargine was 60 units, no insulin-sparing effect was observed with the co-formulation, and endof-trial lixisenatide doses were not reported.
Gastrointestinal side effects were among the most frequent adverse events reported in DUAL I and LixiLan-O, with the majority of events observed in the first weeks of treatment (34,37). In the main phase of DUAL I, 9% of IDegLiratreated patients, 4% of insulin degludec-treated patients, and 20% of liraglutide-treated patients experienced nausea (51), whereas during the extension phase, the incidence of nausea was comparable among treatment arms (34). The lack of an initial sharp increase in gastrointestinal events with IDegLira treatment compared to liraglutide is likely to be a result of the more gradual titration of liraglutide as a component of IDegLira. Similarly, in LixiLan-O, 9.6% of iGlarLixi-treated patients, 3.6% of insulin glargine-treated patients, and 24.0% of lixisenatide-treated patients experienced nausea (37). Furthermore, in both trials, fewer withdrawals due to gastrointestinal adverse events were observed in the combination arm compared to the GLP-1 receptor agonist arm.
With regard to special safety areas of interest, no instances of pancreatitis or medullary thyroid carcinoma were reported for either product (Table 5) . Both products were well-tolerated.
Summary
Co-formulations of a basal insulin analog and a GLP-1 receptor agonist retain the clinical advantages (i.e., control of fasting and postprandial glucose) and minimize the side effects of each component when used individually. As a result, they are associated with significantly greater reductions in A1C compared to either of their respective components, lower rates of hypoglycemia and weight reduction compared to their respective basal insulin components, and a lower rate of gastrointestinal side effects compared to their respective GLP-1 receptor agonist components. IDegLira was also associated with an insulin-sparing effect compared to insulin degludec used alone.
Combination products offer the relative convenience of intensification with one daily injection and thus might be an attractive option for patients who are reluctant to initiate a more complex regimen or those who are struggling to adhere to their current regimen. Indeed, in the United States, they are indicated for use in patients with diabetes inadequately controlled on either basal insulin or a GLP-1 receptor agonist alone. Furthermore, when switching from oral antidiabetic agents, titration can be done once or twice weekly using a simple algorithm. The clinical trials discussed here have demonstrated that these co-formulation products can be considered as an intensification option for patients with diabetes not adequately controlled on oral antidiabetic agents. 
